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background: Previous studies established association between congenital heart disease (CHD) and certain extracardiac congenital malformations 
(ECM). We hypothesized that prenatal diagnosis and termination of pregnancy for fetal anomalies (TOPFA) altered prevalence of ECM rendering 
previous estimates obsolete.
methods: We reviewed the Nationwide Inpatient Sample (NIS) database from 1998-2008 and compared prevalence of ECM among live births with 
CHD diagnosis (case) and live births without CHD diagnosis (control). We then selected 56 ECM and 17 CHD diagnoses for sub-analysis. Longitudinal 
analysis was performed to determine temporal variation of ECM prevalence in the CHD population.
results: Our cohort consisted of 97,154 and 12,078,482 subjects in the case and control groups respectively. In the CHD population, prevalence 
of non-syndromic congenital malformation (NSCM), genetic syndrome (GS), and overall extracardiac congenital malformation (ECM) were 11.4%, 
2.2%, and 13.6% respectively. In the control group, prevalence of NSCM, GS, and ECM were 6.7%, 0.3%, and 7.0% respectively. NSCM (OR: 1.8 
CI: 1.7-1.8), GS (OR 2.5 CI 2.4-2.6) and overall ECM (OR: 2.0 CI: 2.0-2.1) were strongly associated with CHD. Prevalence of GS and multiple CM 
decreased significantly over the study period.
conclusion: This is the largest and most comprehensive population-based study showing strong association between CHD and ECM. Decreased 
prevalence of associated GS and multiple CM may be due to effect of TOPFA.
TABLE 1: ODD RATIO OF SELECTED CHD DIAGNOSIS AND EXTRACARDIAC CM
ECD AV dx PV dx TOF TRUNCUS AAA ALL CHD 
Cleft Lip /Palate NS NS NS 1.5(1.1-1.8) 1.4(1.1-2.1) 1.8(1.6-2.2) 2.9(2.7-3.1)
Laryngotracheal 3.4(3.1-3.9) NS NS 1.4(1.1-1.9) NS NS 1.8(1.6-2.2)
TEF/Esophageal 2.9(2.1-4.2) NS 1.8(1.5-2.1) NS NS NS 1.6(1.1-2.3)
Spina Bifida/NTD NS 0.7(0.6-0.9) NS NS NS NS 0.7(0.3-0.9)
Renal Dysplasia 1.8(1.2-2.7) NS NS 1.5(1.2-1.8) NS NS 1.7(1.4-2.0)
Genital Anomaly 2.4(2.1-2.7) 1.4(1.1-1.7) 1.9(1.1-2.4) NS NS NS 1.4(1.1-1.7)
Hirschsprung dx NS NS NS NS NS NS 0.8(0.7-0.9)
Heterotaxy 2.8(2.5-3.2) NS 1.7(1.3-2.1) 1.8(1.2-2.7) NS NS 3.6(3.3-3.9)
Limb anomaly 0.7(0.4-0.9) NS NS NS NS NS 0.8(0.7-0.9)
NS-CM 2.8(2.1-4.0) NS 1.9(1.3-2.4) 1.7(1.2-2.5) NS NS 1.8(1.7-1.8)
Down 6.8(5.5-7.2) NS 1.7(1.3-2.1) 3.8(3.2-4.7) 1.4(1.1-1.7) NS 3.9(3.7-4.1)
Patau 2.4(2.0-2.8) NS NS 1.7(1.1-2.6) NS NS 2.4(2.1-2.7)
Edward NS NS NS NS NS 1.5(1.2-2.9) 2.8(1.6-3.8)
DGS/VCF NS 4.3(3.5-5.1) NS 3.1(2.4-3.8) 6.1(3.9-8.4) NS 4.6(4.1-5.2)
Turner NS 2.4(1.9-2.8) NS NS NS 3.6(3.2-3.9) 1.7(1.1-2.4)
ALL GS 5.4(4.7-6.1) NS 1.7(2.1-2.7) 2.4(2.1-2.7) 1.6(1.2-2.0) 1.9(1.6-2.5) 2.5(2.4-2.6)
ECM: Extracardiac congenital malformation; GS: Genetic syndrome NS-CM: Non-syndromic congenital malformation; MCM: Multiple congenital 
malformations; ECD: Endocardial cushion defect; AV dx: Aortic valve disease:PV dx: Pulmonary valve disease; Dx: disease; AAA: Aortic arch anomaly; 
DGS: DiGeorge syndrome; NS: Not statistically significant
